Effects of school-based mindfulness training on emotion processing and well-being in adolescents : evidence from event-related potentials by Sanger, Kevanne Louise et al.
This is a repository copy of Effects of school-based mindfulness training on emotion 
processing and well-being in adolescents : evidence from event-related potentials.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/135686/
Version: Published Version
Article:
Sanger, Kevanne Louise, Thierry, Guillaume and Dorjee, Dusana 
orcid.org/0000-0003-1887-303X (2018) Effects of school-based mindfulness training on 
emotion processing and well-being in adolescents : evidence from event-related potentials.
Developmental Science. e12646. ISSN 1363-755X 
https://doi.org/10.1111/desc.12646
eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/
Reuse 
This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 
Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 
Developmental Science. 2018;21:e12646.  bѴ;omѴbm;Ѵb0u-uĺ1olņfoum-Ѵņ7;v1Պ|Պ1 of 11
https://doi.org/10.1111/desc.12646
 
!;1;b;7Ĺƒ-u1_ƑƏƐѵՊ |Պ 11;r|;7ĹƖ1|o0;uƑƏƐƕ
	ĹƐƏĺƐƐƐƐņ7;v1ĺƐƑѵƓѵ
PA P E R
Effects of school- based mindfulness training on emotion 
processing and well- being in adolescents: evidence from  
event- related potentials
Kevanne Louise Sanger1,2Պ|ՊbѴѴ-l;$_b;uu2Պ|Պ	v-m-	ouf;;2
1Centre for Mindfulness Research and 
Practice, Bangor University, Bangor, Gwynedd, 
UK
2School of Psychology, Bangor University, 
Bangor, Gwynedd, UK
Correspondence
Dusana Dorjee, Bangor University, School of 
Psychology, Brigantia Building, Penrallt Road, 
-m]ouķm;77ƔƕƑ"ķ&ĺ
Email: d.dorjee@bangor.ac.uk
Funding information
Economic and Social Research Council, Grant/
-u7l0;uĹ"ņƔƏƏƐƖƕņƐ
Abstract
m-momŊu-m7olb;71om|uoѴѴ;7v|7ķ;bm;v|b]-|;7|_;;==b1-1o=-v1_ooѴŊ0-v;7
mindfulness curriculum delivered by schoolteachers to older secondary school stuŊ
dents (16–18 years). We measured changes in emotion processing indexed by P3b 
;;m|Ŋu;Ѵ-|;7ro|;m|b-Ѵ Ő!őlo7Ѵ-|bomv bm-m-==;1|b;o770-ѴѴ |-vhvbm] v|-|b1
human faces. ERPs were recorded to happy and sad face oddballs presented in a 
stimulus stream of frequent faces with neutral expression, before and after 8 weeks 
of mindfulness training. Whilst the mean amplitude of the P3b, an ERP component 
typically elicited by infrequent oddballs, decreased between testing sessions in the 
control group, it remained unchanged in the training group. Significant increases in 
v;Ѵ=Ŋu;rou|;7;ѴѴŊ0;bm]-m7=;;u7o1|oubvb|v=oul;m|-Ѵ_;-Ѵ|_vrrou|;u;-Ѵvo 
reported in the training group as compared to controls. The observed habituation to 
emotional stimuli in controls thus contrasted with maintained sensitivity in 
lbm7=Ѵm;vvŊ|u-bm;7 v|7;m|vĺ $_;v; u;vѴ|v v]];v| |_-| bmŊv1_ooѴ lbm7=Ѵm;vv
training for adolescents has scope for increasing awareness of socially relevant emoŊ
tional stimuli, irrespective of valence, and thus may decrease vulnerability to 
depression.
!"!$"
 Mindfulness training was associated with maintained P3b mean 
amplitudes to facial target stimuli, indicating sustained sensitivity to 
socially relevant, affective stimuli.
Ŏ $u-bm;7 v|7;m|v u;rou|;7 _b]_;u;ѴѴŊ0;bm] 7;vrb|;lbm7=Ѵm;vv
course engagement being correlated with greater stress 
awareness.
Ŏ ";Ѵ=Ŋu;rou|;71_-m];vbm;lr-|_1ouu;Ѵ-|;7vb]mb=b1-m|Ѵb|_
changes in P3b to emotional faces across groups.
ƐՊ |Պ$!	&$
7oѴ;v1;m1;bv-|bl;o=v|u;vvѴm;u-0bѴb|ķb|__b]_-1-7;lb17;Ŋ
l-m7v-m7vo1b-Ѵru;vvu;vĺ|bv-Ѵvo1omvb7;u;7-v;mvb|b;robm|=ou
depression onset, with the reward system of the brain (ventral striaŊ
|lől-|ubm]0;=ou;|_;ru;=uom|-Ѵu;]bomvŐķő|_-|0-Ѵ-m1;
7;1bvbomŊl-hbm]-m7u;]Ѵ-|;0;_-bouŐumv|ķbm;ķş-u7bmķƑƏƏѵőĺ
11ou7bm]|o|_;!;v1ouѴ-Ŋ)-]m;uѴ;-umbm]lo7;Ѵķ|_;7or-lbm;u]b1
response to reward means that when a distal goal is not achieved, 
dopamine expression is suppressed, which can lead to prolonged 
$_bvbv-mor;m-11;vv-u|b1Ѵ;m7;u|_;|;ulvo=|_;u;-|b;ollomv||ub0|bomb1;mv;ķ_b1_r;ulb|vv;ķ7bv|ub0|bom-m7u;ruo71|bombm-ml;7blķ
provided the original work is properly cited.
šƑƏƐѶ$_;|_ouvĺDevelopmental Science0Ѵbv_;70o_m)bѴ;ş"omv|7ĺ
Ƒo=ƐƐՊ|ՊՊՍ SANGER ET AL.
vrru;vvbom o= |_; u;-u7 vv|;l Ő"1_Ѵ|ķ ƑƏƐƏőĺ m -7oѴ;v1;m|vķ
this reward suppression combined with an immature PFC can result 
in a weak ability to regulate emotions, triggering depression (Weir, 
,-h-l-ķ ş !-oķ ƑƏƐƑőĺ m7;;7 |_;)ouѴ7;-Ѵ|_u]-mb-|bom Ѵbv|v
depression as the top cause of years lost to disability in adolescents 
Ő)ķƑƏƐƔőķ-m7|_;-|bom-Ѵmv|b||;=ou-u;1;ѴѴ;m1;u;1olŊ
mends that schools develop procedures to detect early symptoms of 
7;ru;vvbomŐķƑƏƐƔőĺ
m-m-||;lr||oruolo|;l;m|-Ѵ_;-Ѵ|_ķvol;v1_ooѴv-u;bm|uoŊ
71bm]lbm7=Ѵm;vvŊ0-v;7bm|;u;m|bomvbm|o|_;bu1uub1Ѵ-ĺ$_;ru-1Ŋ
tice of secular mindfulness can be described as intentional attending 
to the present moment experience, with a kind and accepting attitude 
Ő-0-|Ŋ,bmmķƐƖƖƓőĺlruo;l;m|vbm-mb;|-m7u;1uu;m|7;ru;vvbom
after mindfulness training are well documented in adults (e.g., Williams 
et al., 2014), and psychological benefits of mindfulness training have 
-Ѵvo0;;mv_ombm-7oѴ;v1;m|vŐb;];Ѵķuomķ"_-ruboķş"1_0;u|ķ
ƑƏƏƖĸh;m;|-ѴĺķƑƏƐƒőĺ"r;1b=b1-ѴѴķbmb|b-Ѵv|7b;vo=v1_ooѴŊ0-v;7
ruo]u-ll;v_-;=om7blruo;l;m|vbmr;u1;b;7v|u;vv-m7;ѴѴŊ
0;bm]ķ -v ;ѴѴ -v u;71|bomv bm -mb;| -m7 7;ru;vvbom Őrr;u| ş
o_mvomķƑƏƐƏĸh;m;|-ѴĺķƑƏƐƒĸ;|;|-ѴĺķƑƏƐƒĸ!-;vķub==b|_ķ
(-m 7;u 1_|ķ ş)bѴѴb-lvķ ƑƏƐƓĸ v;; ,;mm;uķ ;uumѴ;0;mŊuķ ş
)-Ѵ-1_ķƑƏƐƓķ=ou-mo;ub;o=v1_ooѴŊ0-v;7u;v;-u1_őĺ
bm7=Ѵm;vvŊ0-v;7 bm|;u;m|bomv _-; 0;;m v_om |o blruo;
_;-Ѵ|_ u;=Ѵ;1|bomom7bv|u;vvbm]l;loub;v bm-7Ѵ|v Ő-u]vķu-m;ķ
-um_o=;uķ ş )bѴѴb-lvķ ƑƏƐƏőķ -m7 |o -||;m-|; bm|;u=;u;m1; =uol
m;]-|b;v|blѴbbmmb;uvb|v|7;m|vŐ77ķum࣐ķ$o;uŊ!b1_-u7bķ
-_om;ķş$-ѴouķƑƏƐƔĸu|m;uķbѴm;uķş,;Ѵ-oķƑƏƏƕőĺ$_bvbvu;ѴŊ
evant to depression research, where clinical groups have been found 
to demonstrate a negativity bias in autobiographical memory, and in 
u;vromv;|obv-Ѵ-m7-7b|ou-==;1|b;v|blѴbŐo|Ѵb0ķş;0-;uķ
2000). Mindful and depressed participants also seem to differ in how 
|_; u;Ѵ-|; |o o|_;uvĺ7Ѵ|vb|_l-fou 7;ru;vvbom7bvou7;u Ő		ő
tend to struggle with cognitive empathy, including perspective takŊ
bm]-m7|_;ouo=lbm7Ő"1_u;b|;uķbfm;m0ou]ķş-m;|!o|ķƑƏƐƒőķ
_bѴ;lbm7=Ѵm;vv|u-bmbm]l-bm1u;-v;;lr-|_ŐѴo1hŊ;um;uķ7-buķ
Ѵl0ķ!_-|b]-mķşuvbѴѴoķƑƏƏƕĸvb1ķƑƏƐƓőĺomvbv|;m|b|_|_bv
b;ķD堄q;Ѵ;|-Ѵĺ ŐƑƏƐƐő u;rou|;7 bm1u;-v;7]u;l-||;u1om1;m|u-Ŋ
|bombm|_;|;lrou-ѴŊr-ub;|-Ѵfm1|bomŐ$őķ-h;-u;-=ouvo1b-Ѵ1o]mbŊ
|bom-m7r;uvr;1|b;|-hbm]ķ-=|;ulbm7=Ѵm;vvŊ0-v;7v|u;vvu;71|bom
Ő"!őĺo;;uķ|_;u;bv1uu;m|Ѵmo;b7;m1;|ovrrou||_;;bvŊ
tence of similar benefits in adolescents.
When considering how mindfulness may impact on neural corŊ
relates of depression or depression vulnerability in adolescence, we 
can assume a divergent pattern of activation between depression 
-m7lbm7=Ѵm;vvŊ0-v;7 1_-m]; Ő	;m]ķ bķş$-m]ķ ƑƏƐƓĸ	;vuovb;uvķ
Ѵ;l-mvhbķ ş oѴ;mŊo;hv;l-ķ ƑƏƐƒĸ )-ķ u;v;ѴѴķ bv;m0;u];uķ
şb;0;ul-mķƑƏƐƏőĺ$_;u;-u;7b==;u;m|lo7;Ѵvo=7;ru;vvbomķrom
_b1_;1-m_ro|_;vb;-ro|;m|b-Ѵblr-1|o=lbm7=Ѵm;vv|u-bmbm]
bm-7oѴ;v1;m|vĺ$_;lo|bomom|;|mv;mvb|bb|Őőlo7;Ѵķ=ou;Ŋ
-lrѴ;ķruorov;v|_-|7;ru;vvbombv1_-u-1|;ub;70-Ѵ-1ho=u;vromv;
to both positive and negative emotional stimuli, a coping mechanism 
ru;;m|bm]=u|_;uu;-1|bb|bmbm7bb7-Ѵv;r;ub;m1bm]1_uomb1ķ_b]_Ŋ
bm|;mvb|v|u;vv Ő!o||;m0;u]ķuovvķşo|Ѵb0ķƑƏƏƔőĺl;|-Ŋ-m-Ѵvbv
vrrou|bm] |_bvlo7;Ѵ ŐѴvl-ķouubvķ ş !o||;m0;u]ķ ƑƏƏѶő v_ov
that MDD groups exhibit dampened responses to both positive and 
m;]-|b; v|blѴb 1olr-u;7 |o 1om|uoѴvĺ m |_; -7oѴ;v1;m| Ѵb|;u-|u;ķ
Blom et al. (2015) reported that depressed adolescents showed sigŊ
nificantly reduced anterior/middle insular cortex activation when 
viewing sad as opposed to happy faces, as compared to controls, an 
effect considered a developmental signature of depression (see Smith, 
"|;bm0;u]ķş_;bmķƑƏƐƒőĺ
|_-v0;;m-u];7|_-|lbm7=Ѵm;vv;m1ou-];vor;mm;vv|o0o|_
rovb|b;-m7m;]-|b;;r;ub;m1;_bѴv|lbmblbbm]u;-1|bb|ouulbŊ
m-|bomĺ|1-mruolo|;-1|b-|bomķ-m7m;u-Ѵ1omm;1|bb|bmu;]bomv
associated with social understanding, bodily awareness, and empaŊ
|_Ō|_; bmvѴ-u1ou|;Ő-u0ķ";]-Ѵķşm7;uvomķƑƏƐƑő-m7|_;$
ŐD堄q;Ѵ;|-ѴĺķƑƏƐƐőĺbumb;ķ"r;1-ķ-m7-uѴvom ŐƑƏƐƏő-Ѵvov_o;7
that mindfulness training can increase social connectedness and emŊ
pathy while decreasing personal distress. Mindfulness training may 
therefore enhance the processing of emotional expression, a mechŊ
anism by which individuals can then connect with others. This was 
assessed after MBCT training with formerly depressed adults by De 
Raedt et al. (2012), who found that mindfulness training resulted in 
more balanced receptiveness to positive and negative facial stimuli, 
in comparison to controls who also had a history of depression. Such 
an effect in adolescents who may also be considered vulnerable to 
depression could lead to enhancing social connectedness and poŊ
|;m|b-ѴѴ0==;u|_;l-]-bmv|l;m|-ѴbѴѴm;vvŐ	om-Ѵ7ş	o;uķƑƏƏƑĸ
Music, 2014).
;m|Ŋu;Ѵ-|;70u-bmro|;m|b-ѴvŐ!vő_-;v;;u-Ѵ-7-m|-];v=ou
neurodevelopmental research in an education context: their temporal 
resolution is high, the recording system is portable thus allowing for 
|;v|bm] bm v1_ooѴvķ -m7 |_;l;|_o7 bv 1ov|Ŋ;==;1|b; bm 1olr-ubvom
|o =! Ő"-m];u ş 	ouf;;ķ ƑƏƐƔőĺ $o ou hmoѴ;7];ķ _o;;uķ mo
neuroscientific research has yet investigated changes in emotion proŊ
1;vvbm]b|_lbm7=Ѵm;vv|u-bmbm]bm-7oѴ;v1;m|vķvbm];b|_;u=!ou
!vĺm;-rruorub-|;!l-uh;u=ou7;|;1|bm]v1_1_-m];vbv|_;
ƒƏƏ Őr-u|b1Ѵ-uѴ |_;ƒ0őķ_b1_ bm7;;v |-vhŊu;Ѵ-|;7 bm=oul-|bom
ruo1;vvbm]Ő"||omķu-u;mķ,0bmķşo_mķƐƖѵƔőĺ$_;ƒ0_-v0;;m
associated with several brain regions, but evidence suggests a key link 
b|_|_;-m|;ubou1bm]Ѵ-|;1ou|;Őő-m7$ŐohķƑƏƏƐĸoѴb1_ķ
ƑƏƏƕőĺ$_;bvbmoѴ;7bm|orŊ7omu;]Ѵ-|bomo=-||;m|bom-m7
;lo|bomŐv_ķķşovm;uķƑƏƏƏőķ-m70o|_0u-bmu;]bomv-u;v;mŊ
vb|b; |olo7Ѵ-|bom0lbm7=Ѵm;vvŊ0-v;7 |u-bmbm] Ő-_mşoѴb1_ķ
ƑƏƏѵĸ D堄q;Ѵ ;|-Ѵĺķ ƑƏƏƕĸ D堄q;Ѵ ;|-Ѵĺķ ƑƏƐƐőĺ ou;o;uķ |_; ƒ0
has previously been used as an index of choice in cognitive empathy 
|-vhvŐ;ĺ]ĺķ-mķ-mķş-oķƑƏƏѶĸh;--ķou0;u-ķş);Ѵ;uķƑƏƐƓĸ
Meng et al., 2012). The P3b is also modulated by change in emotive 
=-1b-Ѵ ruo1;vvbm] bm -7Ѵ|v b|_ 7;ru;vvbom Ő--m-]_ ş ;bvѴ;uķ
2006). Specifically, P3b amplitude elicited by happy faces was reŊ
duced in MDD participants, indicating a limited ability to process posŊ
itive facial cues. Given the negative correlation between mindfulness 
and depression documented in previous studies (Deng et al., 2014; 
	;vuovb;uv ;|-Ѵĺķ ƑƏƐƒőķ b| 1-m 0; _ro|_;vb;7 |_-| lbm7=Ѵm;vv
training would increase P3b amplitudes to happy faces. Consistent 
b|_|_;ru;7b1|bomvo=|_;lo7;Ѵo=7;ru;vvbom-m7|_;u;vѴ|v
ՊՍՊ |Պƒo=ƐƐSANGER ET AL.
of MBCT effects in adults vulnerable to depression (De Raedt et al., 
2012), P3b responses to sad faces may equally be modulated, while 
v;Ѵ=Ŋu;rou|l;-vu;voѴ7 v_o bm1u;-v;7;ѴѴŊ0;bm]ĺ$_;v; ru;Ŋ
dictions would corroborate the pattern of enhanced affective proŊ
cessing, without negative mood induction, which has been observed 
bmru;bovu;v;-u1_Őbumb;;|-ѴĺķƑƏƐƏĸ	ouf;;ķ-ѴѴķ	-uu-ѴŊ!;ķş
Thierry, 2015).
The purpose of this study was to investigate longitudinal changes 
in emotion processing in older secondary school students (16–18 
years) after mindfulness training delivered as a module in Personal, 
"o1b-Ѵķ -m7;-Ѵ|_ 71-|bom Ő"őĺ$_; ;-Ѵ-|bomv bm1Ѵ7;7 v;Ѵ=Ŋ
report questionnaires and P3b modulations recorded in a computŊ
;ub;7 ;lo|bom-Ѵ o770-ѴѴ |-vh bm u;vromv; |o -==;1|b; =-1;v Ő_-rr
and sad face oddballs—10% of stimuli each type, presented amongst 
frequent neutral faces—80% of stimuli). The task was based on a preŊ
vious study by Cavanagh and Geisler (2006) that found reduced P3b 
response to happy face oddballs and delayed P3b amplitudes to fearŊ
=Ѵ=-1;o770-ѴѴvbm7;ru;vv;71olr-u;7|omomŊ7;ru;vv;7mb;uvb|
v|7;m|vĺ m Ѵbm;b|_ ru;bov =bm7bm]v Őrr;u| ş o_mvomķ ƑƏƐƏĸ
;|;|-ѴĺķƑƏƐƒőķ;;r;1|;7|_-|lbm7=Ѵm;vv|u-bmbm]oѴ7 blŊ
ruo;;ѴѴŊ0;bm]-m7l;m|-Ѵ_;-Ѵ|_bm|u-bm;7-7oѴ;v1;m|v1olr-u;7
to controls. Critically, we expected that P3b responses elicited by 
emotional stimuli would be significantly increased in the intervention 
]uorĺ$_bvoѴ7v]];v||_-|lbm7=Ѵm;vvŊ0-v;7ru-1|b1;;m_-m1;v
the processing of socially relevant stimuli and healthy emotional expoŊ
sure, a pattern that contrasts with neurocognitive responses to emoŊ
tional stimuli in people with depression (Blom et al., 2015; Cavanagh 
ş;bvѴ;uķƑƏƏѵőĺ
ƑՊ |Պ$	"
ƑĺƐՊ|Պ-u|b1br-m|v
The study was approved by the Ethics Committee in the School of 
Psychology at Bangor University, prior to participant recruitment. 
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selected based on socioeconomic status and academic attainment and 
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training their teachers in mindfulness and providing a mindfulness 
programme to their students as part of regular school curricula. The 
first two schools to volunteer for participation in the study were asŊ
signed to the training group. Sixth form students (16–18 years) from all 
schools were recruited after presentations describing the study, and 
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volunteered for questionnaires plus ERP recordings during an experiŊ
mental task, or only questionnaires. Those participating in the ERP 
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the entire sixth form for control students, and all those enrolled on the 
mindfulness course for the training group.
The total sample population was N = 48 (21 training group), howŊ
ever class attendance records led to the exclusion of one training 
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participants who completed all assessments at both time points. This 
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ƐѵĺѶķv|-m7-u77;b-|bom ŒSD] 0.6), as several participants had opted 
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sessed using independent t tests for age, doctor visits, and sickness 
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ing relating to stress relief, cognitive skills, and mindfulness experiŊ
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group (training group M = 16.6, SD = 0.6 / control group MƷƐƕĺƏķSD 
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impacted, ERP analysis was also run as a hierarchical multiple regresŊ
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=;u;m1;v;u;momŊvb]mb=b1-m|Ő-ѴѴps > .1).
ƑĺƑՊ|Պ;-vu;v
$_; b;Ŋ-1;| bm7=Ѵm;vv  ;v|bomm-bu; Ő ĸ -;uķ "lb|_ķ
orhbmvķub;|;l;;uķş$om;ķƑƏƏѵő-vv;vv;7_;|_;ulbm7=Ѵm;vv
Ѵ;;Ѵvbm1u;-v;7-=|;u|u-bmbm]ĺ|_-vƒƖb|;lv-m7=b;v0v1-Ѵ;vl;-vŊ
u;7om-ƔŊrobm|bh;u|v1-Ѵ;Ĺ0v;ubm]ķr--||;m|bom|ov;mv-|bomvķ
v1_-v|_;bm7bml_-buouvmoml=-1;Ŀĸ	;v1ub0bm]ķľĽl]oo7
-|=bm7bm]ou7v|o7;v1ub0;l=;;Ѵbm]vĿĸ1|bm]b|_-u;m;vvķľ
-l;-vbѴ7bv|u-1|;7ĿĸomŊ7]bm]ķľ|;ѴѴlv;Ѵ=v_oѴ7mĽ|0;=;;Ѵbm]
|_;-Ľl=;;Ѵbm]Ŀĸ-m7omŊ!;-1|bm]ķľ-|1_l=;;Ѵbm]vb|_o|
];||bm]Ѵov|bm|_;lĿĺ$_;=bm-Ѵv1ou;1-m0;1-Ѵ1Ѵ-|;7-v Ŋ$o|-Ѵ
for each individual, or by subscale, with a higher score indicating a 
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used previously in mindfulness research, showing reductions in scores 
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ceived stress during the last month.
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vide a valid measure of depression levels in adolescents (Blom, Bech, 
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thy as primarily an emotional process, for example, “When someone 
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tions, eight of which are reverse coded, and scores are measured on a 
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ness course and report on home practice. Course enjoyment was meaŊ
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4 (every day). Class attendance records were accessed via the school.
-u|b1br-m|v -Ѵvo ruob7;7 7-|- ru;Ŋ -m7 rov|Ŋ|u-bmbm] u;]-u7bm]
the number of sickness absences, the frequency of visits to their local 
doctor (GP), and the reason for GP visits. Students were free to refuse 
any questions.
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15 male and 18 female model face pairs (33 oddball targets per emoŊ
tion), which participants were instructed to respond to by pressing 
the spacebar on a computer keyboard, using their dominant hand. The 
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male and one female model with a neutral expression. Data from the 
Goeleven et al. (2008) validation paper were used to balance stimuli, 
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levels between target emotions (F(1, 62) = 3.0, pƷĺƏƖőķ0;|;;m];mŊ
ders (F(1, 62) < 0.1, pƷ ĺƖƐőķ-m7movb]mb=b1-m| bm|;u-1|bom0;|;;m
emotion and gender (FŐƐķѵƑőƷƏĺƖƕķp = .33). Mean correct emotion 
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from Goeleven et al. (2008).
Face stimuli were presented in the centre of the computer 
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Participants performed the task in three blocks of 110 trials with 
the same proportion of the oddball and neutral stimuli in each 
block, with faces displayed randomly within each block. Block preŊ
sentation was counterbalanced across participants to control for 
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tween blocks.
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please see Sanger and Dorjee (2016).
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list control group. Participants were tested individually during 
school hours, scheduled within independent study periods, using a 
rou|-0Ѵ;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and informed consent was obtained before the start of testing. 
Participants were asked to come to their testing sessions with clean, 
dry hair and not to use any hair products or conditioner. During the 
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sealed envelope and were asked to return them on the next school 
day.
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cording to the 10–20 standard system, using the right mastoid as the 
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forearms recorded heart rate variability; the results of these analyŊ
ses will be reported elsewhere. Electrode impedance was kept below 
ƕhΩ. The EEG signal was filtered online with a bandpass filter beŊ
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and mathematically remove artefacts using the Gratton, Coles, and 
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ments (beginning 100 ms before stimulus onset), and baseline corŊ
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and participant, as well as grand averages across participants for 
each condition and group, were then computed, considering only 
correct trials, that is, trials in which happy or sad target faces had 
been correctly detected. ERPs elicited by neutral faces (standard 
stimuli) were computed from the last neutral face that preceded an 
emotional target stimulus. This method of standard ERP calculation 
ensures that standard stimuli were maximally habituated (i.e., maxiŊ
mally standard in nature) and, by the same token, that trial numbers 
were comparable between oddball and standard conditions. Mean 
false alarms to standards during this task were minimal, 0.88 (SD 
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were not excluded after acquiring only standards that preceded a 
target trial, as the potential influence of any false alarms that may 
have been included would be negligible.
ՊՍՊ |ՊƔo=ƐƐSANGER ET AL.
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ures were analysed using a mixed factorial analysis of variance 
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factors. Significant interactions were further investigated using 
paired samples t |;v|vĺ |Ѵb;uv -0o; -m7 0;Ѵo |o v|-m7-u7
deviations (SD) of the group mean were removed prior to analysis. 
ERP analysis was conducted over a cluster of centroparietal elecŊ
trodes identified in a preliminary laterality analysis (CP2, CP4, P2, 
and P4). Similarly to previous studies investigating P3b responses 
|o;lo|bom-Ѵv|blѴbŐ;bѴ;|-ѴĺķƑƏƏƑĸ"1_rrķm]_o=;uķ);bh;ķ
ş-llķƑƏƏƒĸ"1_rr;|-ѴĺķƑƏƏѵĸѴo=vvomķou7bmķ";t;bu-ķş
oѴb1_ķƑƏƏѶőķ|_;7bv|ub0|bom-vub]_|ŊѴ-|;u-Ѵb;7Őb]u;Ɛőĺm
olmb0v(b|_ =-1|ouv o= |bl;ķ ]uor -m7 1om7b|bom-v
then conducted on P3b mean amplitudes. Significant interactions 
were further investigated using paired sample t|;v|vĺu;;m_ov;Ŋ
Geisser adjustment  for degrees of freedom was applied where 
-rrѴb1-0Ѵ;ĺ 	; |o |_; 1om=Ѵb1|bm] ;b7;m1; bm |_; v1_ooѴŊ0-v;7
literature regarding the impact of mindfulness training engageŊ
l;m|omo|1ol;vŐou;|;|-ѴķƑƏƐƑĸrr;u|şo_mvomķƑƏƐƏőķ
we ran correlation analyses to assess any moderating effects of 
course attendance, satisfaction, and home practice in the trainŊ
bm] ]uorĺ m -77b|bomķ ro|;m|b-Ѵ u;Ѵ-|bomv_brv 0;|;;m 7b==;u;mŊ
|b-Ѵƒ0-lrѴb|7;vŐ7;b-m|lbmvŊv|-m7-u7ő-m7;lr-|_v1ou;v
across groups were studied. This approach to correlations with 
v;Ѵ=Ŋu;rou|l;-vu;v-v-Ѵvov;70 h;--;|-Ѵĺ ŐƑƏƐƓő-m7
-m-m7-mŐƑƏƏѶőĺ-v|Ѵķ-_b;u-u1_b1-ѴlѴ|brѴ;u;]u;vvbomvbm]
rov|Ŋ|u-bmbm] -;u-]; ƒ0 l;-m -lrѴb|7;v -v |_; 7;r;m7;m|
-ub-0Ѵ; =ou-ѴѴ |-vh1om7b|bomvķ 1om|uoѴѴbm] =ouru;Ŋ|u-bmbm]l;-m
amplitudes and group, then age, then gender, examined whether 
the marginal group differences in age and gender impacted on the 
main ERP findings.
ƒՊ |Պ!"&$"
ƒĺƐՊ|Պb;Ŋ-1;|bm7=Ѵm;vv ;v|bomm-bu;
$_; _-7-m-11;r|-0Ѵ;Ѵ;;Ѵo=bm|;um-Ѵu;Ѵb-0bѴb|Őuom0-1_Ľvα) 
b|_bm|_bvv-lrѴ;-|ru;Ŋ|;v|ķƏĺѶƑ=ou Ŋ$o|-ѴķƏĺƕѵ=ou Ŋķ
ƏĺѶѵ=ou Ŋ	ķƏĺѶƒ=ou ŊķƏĺѶƕ=ou Ŋķ-m7ƏĺѵѶ
=ou Ŋ!ĺb;7=-1|oub-Ѵ(u;vѴ|v=ou Ŋ$o|-Ѵ7b7mo|
reveal any significant effects (all ps > .1). Subscales were also analysed, 
but no significant effects were found (all ps > .1).
ƒĺƑՊ|Պ;u1;b;7Ŋ"|u;vv"1-Ѵ;
u;Ŋ|;v|u;Ѵb-0bѴb|=ou|_;""-v]oo7Őα = 0.83). Two participants 
did not provide responses on this measure, reducing the sample 
to n = 38. There was a marginal main effect of time (F(1, 36) = 3.6, 
pƷĺƏƕő0|movb]mb=b1-m|]uor;==;1|ŐF(1, 36) = .2, p = .66) or interŊ
action (F(1, 36) = 1.5, pƷ ĺƑƒőĺvb]mb=b1-m|rovb|b;1ouu;Ѵ-|bom-v
=om70;|;;m""1_-m];v1ou;v-m7v;Ѵ=Ŋu;rou|;7;mfol;m|o=|_;
mindfulness course, suggesting that participants in the training group 
who reported more enjoyment of the course actually increased in perŊ
ceived stress (r = .65, pƷĺƏƏƓőĺm|;u;v|bm]Ѵķrov|Ŋ_o1-m-Ѵvbv=om7
|_-|r;u1;b;7v|u;vv1_-m];ru;Ŋrov|7b7mo|1ouu;Ѵ-|;b|_1_-m];
bm;ѴѴŊ0;bm]v1ou;vbm|_;|u-bmbm]]uorŐrƷƴĺƏѶķpƷ ĺƕѶőķ_bѴ;-
 &! ƐՊGraphs a, b, e, and f show linear derivations (CP2, CP4, P2, P4) of group average waveforms for each of the three conditions. 
Topographies c and g show P3b amplitude distribution for happy and sad targets respectively. Graph d represents the P3b mean amplitude 
change averaged across the three conditions with significant decrease in the control group (p < .004)
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strong relationship between these variables was found in the control 
group (rƷƴĺƕѵķp < .001).
ƒĺƒՊ|Պ)ŊƔ;ѴѴŊ0;bm]bm7;
$_;)ŊƔ-v u;Ѵb-0Ѵ; b|_bm |_bv v-lrѴ; Őα Ʒ ƏĺƕƖőĺ b;
participants did not contribute to this measure, reducing the 
sample to nƷƒƔĺ$_;lb;7=-1|oub-Ѵ(u;;-Ѵ;7-vb]Ŋ
nificant main effect of time (FŐƐķƒƒőƷƐƑĺƖķp = .001, ॱ2 = .26), 
b|_-ѴѴr-u|b1br-m|vĽ;ѴѴŊ0;bm]bm1u;-vbm]0rov|Ŋ|;v|ĺ$_;u;
-v -momŊvb]mb=b1-m| ;==;1|o= ]uor ŐF(1, 33) < .1, p = .81), 
and marginally significant time by group interaction (F(1, 33) = 
3.1, p = .08, ॱ2ƷĺƏѵőĺv|_;bm|;u-1|bom-vbm|_;ru;7b1|;7
7bu;1|bomķ =oѴѴoŊr r-bu;7 v-lrѴ;v t tests were conducted, 
v_obm]|_;|u;m7|o0;7;|o-vb]mb=b1-m| bm1u;-v; bmv;Ѵ=Ŋ
u;rou|;7;ѴѴŊ0;bm]bm|_;|u-bmbm]]uorŐtŐƐƔőƷƴƓĺƒķp = .001, 
d = 1.1), whilst no significant changes were observed in the 
control group (tŐƐѶőƷƴƐĺƑķpƷĺƑƓőĺ$_;0;|;;mŊ]uor1olŊ
r-ubvom-||_;rov|Ŋ|;v|-vmo|vb]mb=b1-m|Őp > .1)
ƒĺƓՊ|Պ$ ;lr-|_t;v|bomm-bu;
$_;u;Ѵb-0bѴb|o=|_bvl;-vu;-|ru;Ŋ|;v|-v]oo7Őα = 0.84). Four 
participants did not provide responses, reducing the sample to n = 
ƒѵĺ$_;(v_o;7-vb]mb=b1-m|l-bm;==;1|o=|bl;ŐF(1, 34) 
= 10.1, p = .003, ॱ2ƷĺƑƒőķb|_r-u|b1br-m|vĽ;lr-|_u;71bm]ru;Ŋ
post, and a significant main effect of group (F(1, 34) = 8.8, p = .006, 
ॱ2 = .21), indicating that the training group were less empathetic 
om -;u-];ĺ $_; bm|;u-1|bom ;==;1|-v momŊvb]mb=b1-m| ŐF(1, 34) = 
.3, pƷĺѵƐőĺo;;uķ1_-m];vbm|_bvl;-vu;1ouu;Ѵ-|;7rovb|b;Ѵ
with course attendance (r = .66, p = .006) and marginally with home 
practice (rƷĺƓƖķp = .06), suggesting that those who attended more 
of the mindfulness course and practised more displayed larger inŊ
creases in empathy.
ƒĺƔՊ|Պ;-Ѵ|_l;-vu;v
(vu;;-Ѵ;7mo1_-m];bm-0v;m|;;bvlo;u|bl;ŐF(1, 38) = .6, 
p = .45), between group (F(1, 38) = 1.3, p = .25) or an interaction (F(1, 
ƒѶőƷĺƖķp = .35). GP visits were also not affected by time (F(1, 38) = 
.6, p = .44) or group differences (F(1, 38) = 1.2, p = .28), the time by 
group interaction was marginally significant (F(1, 38) = 3.0, pƷ ĺƏƖķ
ॱ2ƷĺƏƕőĺ$obm;v|b]-|;|_;rovvb0bѴb|o=7b==;u;m|b-Ѵ;==;1|v=oubvŊ
its due to physical and mental health reasons, GP visits were further 
broken down accordingly (e.g., asthma and stress, respectively). For 
l;m|-Ѵ_;-Ѵ|_Ŋu;Ѵ-|;7bvb|vomѴķ|_;(v_o;7mo1_-m];o;u
time (F(1, 38) = .3, p = .58) or group (FŐƐķƒѶőƷĺƕķp = .42), but there 
was a significant time by group interaction (F(1, 38) = 5.0, p = .03, ॱ2 = 
ĺƐƑőĺo;;uķ=oѴѴoŊrr-bu;7v-lrѴ;vt tests revealed only trends 
towards significance, with some reduction in the training group (t(18) 
ƷƐĺƕķp = .11, dƷĺƒƖő-m7-momŊvb]mb=b1-m|bm1u;-v;bmbvb|vo;u
time in the control group (tŐƑƏőƷƴƐĺƔķp = .16, dƷĺƒƑőĺ;;u|_;Ѵ;vv
|_;;==;1|vb;vv]];v|-vl-ѴѴ0|l;-mbm]=Ѵ-vvo1b-|bom0;|;;m
lbm7=Ѵm;vv ru-1|b1; -m7 _;-Ѵ|_ķ -m7ķ ]b;m |_; v_ou| |bl;Ŋv1-Ѵ;
|_bv-vl;-vu;7o;uŐѶ;;hvőķb|l;ub|v1omvb7;u-|bomĺmbv-Ѵ 
bmvr;1|bom |_;u; -rr;-u;7 |o 0; ru;Ŋ|;v| ]uor 7b==;u;m1;v om  
bvb|v Őv;; $-0Ѵ;Ɛőĺ o;;uķ bm7;r;m7;m| |Ŋ|;v|v 1om=bul;7 |_-|
|_;v;;u;omѴl-u]bm-ѴѴvb]mb=b1-m|-|ru;Ŋ|;v|=ou];m;u-Ѵ-m7vr;Ŋ
cifically mental health visits (ps > .05). This was most likely due to the 
momŊu-m7olb;7m-|u;o=r-u|b1br-m|u;1ub|l;m|ĺ
ƒĺѵՊ|Պ$-vhr;u=oul-m1;
b;7=-1|oub-Ѵ(v-vv;vv;7o770-ѴѴ|-vhr;u=oul-m1;ĺ$_;u;
was a significant main effect of time on accuracy to happy target 
faces (F(1, 38) = 4.8, p = .04, ॱ2 = .11), but no significant main efŊ
fect of group (F(1, 38) < .1, p = .88), and no significant interaction 
(F(1, 38) = .5, p = .48), suggesting that all participants became more 
-11u-|; 0 rov|Ŋ|;v|ĺl-u]bm-ѴѴ vb]mb=b1-m| rovb|b; 1ouu;Ѵ-|bom
$ ƐՊu;|orov|v;Ѵ=Ŋu;rou|l;-vu;1_-m];vbm|u-bmbm]-m71om|uoѴ]uorvŐŖƺĺƏƔĸŖŖƺĺƏƐĸŜƷ|u;m7|o-u7vvb]mb=b1-m1;bm
=oѴѴoŊrt test analysis)
 ;v|bomm-bu;l;-mvŐSD) u;Ŋ|u-bmbm]]uor ov|Ŋ|u-bmbm]]uor u;Ŋ1om|uoѴ]uor ov|Ŋ1om|uoѴ]uor
 Ŋ$o|-Ѵ ƐƐƖĺƖŐƐƔĺƖő ƐƑƏĺƓŐƐƑĺƕő ƐƑƐĺƐŐƐƕĺƐő 122.3 (20.6)
 Ŋ 24.4 (6.3) 24.1 (5.3) 24.6 (5.2) 23.6 (5.3)
 Ŋ	 26.1 (5.8) 24.6 (4.3) 26.0 (6.3) ƑѵĺƓŐƔĺƕő
 Ŋ 24.1 (5.4) 23.3 (4.2) ƑƓĺƑŐѵĺƖő 23.8 (6.5)
 Ŋ 25.8 (6.4) ƑƕĺƔŐƔĺƖő 26.0 (6.6) ƑƕĺƕŐѵĺƔő
 Ŋ! ƐƖĺѵŐƒĺƓő ƑƏĺƕŐƒĺƔő 20.4 (4.4) ƑƏĺƖŐƓĺƔő
PSS ƑƏĺƐŐѵĺƕő ƐƖĺѶŐƓĺƖő ƑƑĺƔŐѵĺƕő ƐƖĺƕŐѵĺƏő
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was found between mindfulness course enjoyment and improved 
target accuracy to happy faces (r = .40, pƷ ĺƏƕőĺovb]mb=b1-m|;=Ŋ
fects of accuracy were found for sad target faces (all pv ƻ ĺƐőĺ m
|;ulvo=u;vromv;|bl;Ő!$őķ-ѴѴ|-u];|;==;1|v;u;momŊvb]mb=b1-m|
(ps > .1) except a marginal group effect for sad targets (FŐƐķƒѶőƒĺƑƖķ
p = .08, ॱ2 = .08), suggesting a small increase in RT across groups. 
False alarms to standard stimuli were minimal, 0.88 (SD 1.1) at 
ru;Ŋ|;v|-m7ƏĺѶƔŐSDƐĺƑő-|rov|Ŋ|;v|o;u|_;Ƒѵƕv|-m7-u7|ub-Ѵvĺ
$_;(v_o;7movb]mb=b1-m|l-bm;==;1|voubm|;u-1|bomvŐ-ѴѴ
ps > .1).
ƒĺƕՊ|Պƒ0!-m-Ѵvbv
ƑŐ|bl;Ĺru;ķrov|őƵƒŐ1om7b|bomĹ_-rrķv-7ķv|-m7-u7őƵƑŐ]uorĹ
|u-bmbm]ķ1om|uoѴő(-vv;vv;7-m-ub-|bombm|ub-Ѵml0;uvbmŊ
cluded in ERP analysis across conditions and groups. There were no 
significant main effects of time or group (ps > .1), but there was a sigŊ
nificant main effect of condition (FŐƑķƕѵőƷƑƔƏƒĺƕķp < .001, ॱ2ƷĺƖƔőĺ
This was further explored using simple contrasts showing that this 
difference was significant between standard and oddball conditions 
(p < .001), and marginally significant between positive and negative 
emotional targets (p = .06). Thus, the rejection rates were significantly 
higher for standards than oddballs and marginally higher for sad than 
_-rr=-1;vĺvv_ombm$-0Ѵ;Ƒķ|_;7b==;u;m1;0;|;;m|_;_-rr
and sad face oddballs only amounted to about one in 32 trials. There 
were no rejection rate differences for any of the conditions between 
]uorv-|;b|_;u0-v;Ѵbm;ourov|Ŋ|;v|ĺ
The time window for the P3b analyses (420–520 ms) was deterŊ
mined by inspection of the global field power calculated across the 
scalp, which provided a synthetic view of key change points of power 
with time. First, the distribution of the P3b was assessed by an analyŊ
vbvo=|_;ru;Ŋ|;v|l;-m-lrѴb|7;vvbm]1ol0bm;7-;u-];v=ou|_;
two oddball conditions and groups, thereby reducing the number of 
(=-1|ouv-m7|_vlbmblbbm]|_;Ѵbh;Ѵb_oo7o=vrubov;==;1|v
Ő1hş-vr;ѴbmķƑƏƐƕőĺ$_;u;vѴ|bm]ƑƵƓ(b|_=-1|ouvo=
laterality (left, right) and electrode (left: CP1, CP3, P1, P3; right: CP2, 
CP4, P2, P4) revealed a significant main effect of laterality (FŐƐķƒƖőƷ
15.11, p < .001, ॱ2ƷĺƑƕőb|_]u;-|;ul;-m-lrѴb|7;vom|_;ub]_|
(left M = 6.36 μV, right MƷƕĺƕƐμV, Figure 1). There was also a signifiŊ
cant main effect of electrode (FŐƐĺƕƏķѵѵĺƐƕőƷѶĺƏƐķp < .002, ॱ2ƷĺƐƕő
-m7- vb]mb=b1-m| Ѵ-|;u-Ѵb|Ŋ0Ŋ;Ѵ;1|uo7; bm|;u-1|bom ŐFŐƑĺƑѵķѶѶĺƐƖőƷ
6.28, p < .003, ॱ2 = .14). Therefore, further analyses including time and 
group factors focused on the linear derivation of the right–sided clusŊ
ter of four electrodes (CP2, CP4, P2, P4), thus removing the electrode 
factor from further analyses as recommended by Luck and Gaspelin 
ŐƑƏƐƕőĺ
ƑƵƑƵƒ(b|_=-1|ouvo=|bl;Őru;ķrov|őķ]uorŐ|u-bmŊ
ing, control) and condition (happy, sad, neutral) assessed possible 
changes across time in mean amplitudes of the P3b (Figure 1). 
There was a significant main effect of time (F(1, 38) = 5.88, p < 
.03, ॱ2 = .13) which indicated a significant decrease in mean amŊ
plitudes from pre (M = 5.68 μ(ő|orov|Ŋ|;v| ŐMƷƓĺƖƒμV). There 
was no significant main effect of group (p > .1). The main effect of 
condition was significant (FŐƐĺѵƒķѵƐĺѶƖőƷѶѶĺƕƓķp < .001, ॱ2ƷĺƕƏő
$ ƑՊMeans and standard deviations (SD) for average number of trials included in ERP analysis across groups and conditions
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$u-bmbm]]uor 32.1 (.8) 31.6 (1.6) 52.5 (3.5) ƒƐĺƑŐƐĺƖő ƒƐĺƐŐƐĺƖő 50.5 (4.0)
Control group 32.0 (1.5) 31.4 (2.0) 51.4 (4.4) 31.6 (1.3) ƒƐĺƑŐƐĺƖő 51.8 (3.3)
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training in both groups combined to happy (a; p = .03) and sad (b; p = .05) target stimuli with neutral condition subtracted) and change (post 
lbmvru;őbm$ ;lr-|_t;v|bomm-bu;v1ou;v
Ѷo=ƐƐՊ|ՊՊՍ SANGER ET AL.
with sad faces eliciting the largest mean amplitudes (MƷѶĺƏƕμV), 
followed by happy faces (MƷѵĺƕƔμV) and neutral faces (M = 1.11 
μ(őĺlrou|-m|Ѵķ|_;|bl;Ŋ0Ŋ]uorbm|;u-1|bom-v-Ѵvovb]mb=b1-m|
(FŐƐķƒѶőƷƓĺƕƒķp < .04, ॱ2ƷƏĺƐƐőĺoѴѴoŊr-m-Ѵv;vu;;-Ѵ;7|_-|
the mean amplitudes across conditions significantly decreased in 
the control group over time (t(20) = 3.32, p < .004, d = .34), whereas 
the training group did not show any significant change from pre to 
rov|Ŋ|;v| Őpƻ ĺƐőĺom;o= |_;u;l-bmbm] bm|;u-1|bomv;u;vb]mb=Ŋ
icant (all pv ƻ ĺƐőĺ$_;( =ou Ѵ-|;m1 u;;-Ѵ;7 mo vb]mb=b1-m|
effects (all ps > .1).
To further investigate the relationship between P3b mean ampliŊ
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tral faces were subtracted from the mean P3b amplitudes to happy 
and sad face oddballs, respectively. This correlation was positive for 
both happy and sad faces (happy: rƷĺƒƕķp = .03; sad: r = .33, p = .05; 
Figure 2).
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based mindfulness programme in adolescents. Mindfulness training 
was associated with maintained P3b mean amplitudes to correctly 
identified happy and sad target faces in an oddball task involving neuŊ
tral faces as standard stimuli, whereas P3b amplitude was overall reŊ
71;7o;u|bl;bm-b|ŊѴbv|1om|uoѴvĺ$_;u;;u;mo0;|;;mŊ]uor
effects on response time or accuracy, but mindfulness course satisŊ
faction positively correlated with improved accuracy for happy faces. 
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overall, course attendance and home practice both positively correŊ
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Modulation in P3b responses to happy and sad faces also corŊ
related with changes in empathy. This suggests that mindfulness 
practice may help sustain attentional focus on socially relevant affecŊ
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empathy. The finding of stable P3b amplitudes elicited by face stimuli, 
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tial predictions and is consistent with previous research, showing that 
adolescents with MDD tend to show reduced levels of neural activity 
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MDD have a general impairment in processing affective stimuli maniŊ
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mindfulness training has been shown to enhance brain activity and 
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Williams et al., 2014). This study was the first to demonstrate the 
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in adolescents. Tentatively, we can interpret the findings as suggesting 
that mindfulness practice, which encourages curiosity and exposure 
to emotion without judgement or reactivity, can help maintain attenŊ
tion on socially relevant stimuli, in comparison to habituation patterns 
observed in controls. We note that attention shifts indexed by P3b 
amplitude were observed irrespective of emotional valence and thus 
could be underpinned by more generic attention modulation resulting 
from mindfulness training.
$_; v;Ѵ=Ŋu;rou| =bm7bm]v vrrou| ru;bov u;v;-u1_ om v1_ooѴŊ
0-v;7 lbm7=Ѵm;vv |u-bmbm]ķ v_obm] - vb]mb=b1-m| bm1u;-v; bm ;ѴѴŊ
0;bm] Őrr;u| ş o_mvomķ ƑƏƐƏĸ;| ;|-Ѵĺķ ƑƏƐƒőĺ $_; bm1Ѵvbom
o= _;-Ѵ|_Ŋu;Ѵ-|;7 7-|- -77v |o bmvb]_|v =uol ru;bov v1_ooѴŊ0-v;7
interventions, suggesting that mindfulness training may reduce adoŊ
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GP visits for psychological reasons (e.g., stress, trouble sleeping) were 
found in the training group, as control participants reported slight inŊ
creases. This divergent pattern of GP visits was supported by a small to 
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vant here, as students were preparing for summer exams and the poŊ
tential for stress and anxiety would have been high. Thus, mindfulness 
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manifesting in less need to seek help during a challenging period.
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a positive correlation between perceived stress change scores and 
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change on these measures was strongly correlated in controls, there 
was no such relationship in training participants. Mindfulness is the 
practice of attending to the present moment with curiosity and accepŊ
tance, allowing people to become aware of their experience without 
u;-1|bb| Ől-uķ 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These data would suggest that mindfulness practice enhanced stuŊ
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regulation strategy previously found in adults with anxiety problems 
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within the training group both course attendance and home practice 
positively correlated with increased empathy. We speculate that greater 
;m]-];l;m| b|_ lbm7=Ѵm;vv ru-1|b1; 1oѴ7 0; u;tbu;7 =ou v;Ѵ=Ŋ
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gets, which were significantly modulated by mindfulness training, also 
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as a more sensitive measure of changes in social cognition and it is only 
with prolonged, or potentially more experienced guidance in, mindfulŊ
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The lack of an active control group is a limitation of this study, as 
the experience of a new curriculum in school could have impacted stuŊ
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environment than typical lessons. So, although novelty was not conŊ
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all teachers were considered ready by an experienced mindfulness 
trainer (in terms of readiness to deliver the programme), they remained 
relatively inexperienced. This limitation of our study can also be conŊ
strued as reflecting the conditions of implementation to be expected 
in the real world.
The positive correlation between mindfulness course satisfaction 
and improved target accuracy to happy faces could have resulted from 
bm1u;-v;7 r;u=oul-m1;lo|b-|bomĺo;;uķ |_u;; o|_;u u;vѴ|v ]o
against motivation bias. First, there was no difference in RT and target 
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tion and perceived stress correlated significantly. Third, the marginal 
decrease over time in GP visits was a naturalistic behavioural effect, 
mo|-r;u=oul-m1;Ŋ0-v;7o|1ol;ķ-m7 bvmѴbh;Ѵ|o_-;0;;m blŊ
r-1|;70lo|b-|bom0b-vĺ;;u|_;Ѵ;vvķ =|u; v|7b;v v_oѴ7 |-h;
motivational bias into consideration and include manipulations that 
can reduce its effects, such as an active control group with a second 
intervention.
$_; Ѵblb|;7v-lrѴ;vb;=ouv;Ѵ=Ŋu;rou|l;-vu;vlv|0;1omvb7Ŋ
;u;7ĺѴ|_o]_vbm]|_;v-l;v-lrѴ;=ouv;Ѵ=Ŋu;rou|-m7!l;-vu;v
ensures a more accurate comparison between assessments, it conŊ
strains the likelihood of finding significant differences between groups. 
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in this study, which is a common problem in neuroscientific intervenŊ
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ued practice, as well as sustained changes in ERP indices of emotional 
processing predictive of anxiety and depression. These should provide 
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training delivered within a school context. Future investigations should 
map the trajectory of how empathy might develop with prolonged 
mindfulness practice, or how learning from teachers with more experiŊ
ence might reflect on outcomes for their students.
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the first neurocognitive investigation of longitudinal modulaŊ
tion in face processing in adolescents resulting from mindfulness 
training delivered by schoolteachers as part of a regular school 
curriculum. The results show that mindfulness training can 
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related illness, as suggested by the small modulations in GP visits 
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training delivered as part of the school curriculum might be efŊ
=;1|b;bmblruobm]|_;;ѴѴŊ0;bm]o=oѴ7;uv1_ooѴŊ-];7v|7;m|v
during a period of heightened stress and depression vulnerability. 
The study also highlights the potential of neuroscientific methŊ
ods in contributing to our understanding of mindfulness effects 
in education.
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